e studied MR images of the spine in a consecutive series of 100 patients with acute compression of the spinal cord due to metastases. All patients had documented neurological deficit and histologically proven carcinoma. MRI was used to localise bony metastatic involvement and soft-tissue impingement of the cord. A systematic method of documenting metastatic involvement is described.
The appearance on MRI of vertebrae in acute compression of the spinal cord due to metastases 
W
e studied MR images of the spine in a consecutive series of 100 patients with acute compression of the spinal cord due to metastases. All patients had documented neurological deficit and histologically proven carcinoma. MRI was used to localise bony metastatic involvement and soft-tissue impingement of the cord. A systematic method of documenting metastatic involvement is described.
A total of 43 patients had compression at multiple levels; 160 vertebral levels were studied. In 120 vertebrae (75%), anterior, lateral and posterior bony elements were involved. Soft-tissue impingement of the spinal cord often involved more than one quadrant of its circumference. In 69 vertebrae (43%) there was concomitant anterior and posterior compression.
Isolated involvement of a vertebral body was observed in only six vertebrae (3.8%).
We have shown that in most cases of acute compression of the spinal cord due to metastases there is coexisting involvement of both anterior and posterior structures.
Compression of the spinal cord is one of the clearest indications for surgery in patients with metastatic vertebral disease. The surgical management depends on a knowledge of the level and site of the compressive lesion, and the extent of bony metastatic involvement.
MRI is the investigation of choice in the evaluation of compression of the spinal cord due to metastases. [1] [2] [3] It can identify the level(s) of involvement, the sites and the direction of compression. While it is accepted that metastatic involvement of the vertebral body is common, there is no reported systematic documentation of the involvement of posterior structures. Our aim in this study was to evaluate systematically the pattern of vertebral metastases in patients with acute compression of the spinal cord.
Patients and Methods
Of 328 consecutive patients who had MRI of the spinal column at Newcastle General Hospital between September 1991 and May 1994, review of the case notes identified 115 with suspected compression of the spinal cord due to metastases. Of these, 100 fulfilled our criteria of MRI evidence of cord compression, a clinically documented neurological deficit, and histological confirmation of malignancy. There were 38 women and 62 men with a mean age of 63 years (18 to 83). Of the 15 patients who were excluded, seven had no MRI evidence of cord compression, five had no histological confirmation of malignancy, two had isolated involvement of the sacrum and one had incomplete MR images.
We used a 0.5 Tesla superconducting system scanner (MR MAX; GE Medical Systems, Milwaukee, Wisconsin) to obtain T1-weighted sagittal and axial views of the affected section of the vertebral column. The images were interpreted by a radiologist (SAW) who documented the following:
1) the level(s) of cord compression; 2) the site and extent of bony metastases in one of the four designated columns (1 anterior, 2 lateral and 1 posterior) shown in Figure 1; 3) the presence of a pathological fracture; 4) the pattern of fracture of a vertebral body, such as anterior or posterior wedging or central or uniform collapse; 5) the degree of collapse, as measured by the maximal loss of height as a percentage of the height of the nearest normal vertebra; and 6) the site of cord compression in relation to quadrants corresponding to the four designated spinal columns. Cord compression was defined as an alteration in the outline and position of the spinal cord or cauda equina with an obliteration of the surrounding cerebrospinal fluid.
We studied the case notes to confirm the presence of a neurological deficit and a histological diagnosis of malignancy. Neurological deficit was documented as sensory loss, motor weakness, dysreflexia, or sphincter disturbance. All patients had either a tissue diagnosis of primary malignancy or a positive histological confirmation of vertebral metastases.
Results
Metastatic lesions were predominantly from primary tumours of the prostate, breast and lung. Table I gives the diagnoses of the patients. In cases in which the primary tumour was unknown, metastatic involvement was confirmed histologically by surgical biopsy. Documentation of neurological deficit was available for all patients. There was muscle weakness in 91, sensory loss in 73, reflex abnormality in 67 and sphincter disturbance in 45. Seven patients had a single isolated deficit while 27 had impairment of all four modalities. Isolated sphincter disturbance, a late manifestation of cord compression, was observed in only one patient.
Although bony involvement at multiple levels was present in 43 patients, only those sites with evidence of compression of the spinal cord were studied. One patient had compression at five levels, two at four, ten at three and 30 at two. These sites were usually adjacent to each other, but could be up to 13 vertebrae apart. A total of 160 vertebral levels was studied.
The cord was most commonly compressed in the thoracic spine (123 vertebrae, 77%). The lumbar spine was the site of compression of the cord or cauda equina in 26 vertebrae (16%). The cervical cord was affected in 11 vertebrae (7%). Figure 2 shows the distribution of the compressive lesions. Of the major diagnostic groups, there was no significant predilection of a primary tumour for a particular region; the thoracic spine was the commonest in The distribution of the levels of cord compression in the 100 patients.
all groups. There was no example of isolated extradural soft-tissue compression without bony involvement. Pathological fracture of the vertebral body was present in 81 compressive levels (51%) (Fig. 3 ). Of these, 55 (68%) had a loss of height greater than 50%. The most common pattern of collapse was central compression (Fig. 4) . Vertebral bodies in the lower thoracic region were more likely to have pathological fractures. Prostatic lesions were least likely to give rise to collapse of the vertebral body.
Metastatic disease was present in the bodies of all vertebrae studied; most (155 vertebrae; 97%) had more than 50% involvement as seen on MRI. The involvement of the four columns is summarised in Figure 5 . Most vertebrae had four-column involvement and isolated single-column The patterns of vertebral collapse and the number of levels involved. Site of bony metastatic involvement and number of levels involved. The shaded areas are columns most likely to be involved.
involvement was present only in the anterior column. Coexisting anterior and posterior column disease was observed in 120 vertebrae (75%) (Fig. 6 ).
The distribution of extradural soft-tissue compression is shown in Figure 7 . Compression most commonly involved three quadrants and rarely affected an isolated single quadrant. Anterior compression (140 vertebrae, 87.5%) was more common than posterior compression (84 vertebrae, 52.5%) and coexisting anterior and posterior cord compression was observed at 69 levels (43%).
Discussion
It has been widely assumed that metastatic disease most often affects the vertebral body, and that compression of the cord is usually anterior. 4 Involvement of the spinous pro- T1-weighted axial view showing four-column metastatic bony involvement of T2 in a 62-year-old man with prostate carcinoma. There is also circumferential compression of the cord.
Fig. 7
The site and direction of extradural soft-tissue compression of the cord and number of levels involved. Arrows indicate the most common directions of compression.
cesses and laminae, and compression from a posterior direction are often underestimated. In our series of patients presenting with acute compression of the spinal cord due to metastases, co-existing anterior and posterior structural involvement was common with bony involvement in 75% and soft-tissue compression of the cord in 43%. Circumferential soft-tissue compression of the spinal cord was not unusual (22% of levels). Isolated anterior compression with metastatic lesions confined to the vertebral body was observed in only 3% of vertebrae.
Previous reports have suggested that there is often coexisting metastatic bone disease of the anterior and posterior columns. As early as 1924, Thompson and Keiller 5 described extensive involvement of the posterior element in a case report. Studies using tomography and CT have also identified significant involvement of the posterior arch. 6, 7 More recently, MRI of a small series of patients has also shown this. 8, 9 Most compressive lesions are at the level of the thoracic spine. 6, 10 The larger number of thoracic vertebrae is not sufficient explanation in itself. Other factors such as the unfavourable canal-to-cord ratio and the thoracic kyphus may explain why compression of the cord is more common at this level.
In our study, multiple-level compression is twice as common as that reported in other series. [9] [10] [11] This may be due to the higher proportion of patients with carcinoma of the prostate. The division of the vertebra into four columns allowed correlation with the four quadrants of the spinal canal. Clinically, such a classification is relevant in decompressive surgery in which, logically, decompression should be from the direction of maximal compression. The lateral column of the pedicle and transverse process is accessible from both anterior and posterior approaches, but the anterior and posterior columns are not easily reached from the opposite approach. This is an important consideration when compression is predominantly from one direction. A distinction is made between soft-tissue compression and bony metastatic involvement since the site of soft-tissue compression seems to bear little relationship to adjacent bony involvement. It is commonly thought that since metastatic disease usually affects the vertebral body, compression arises from an anterior direction. In our series, only nine vertebrae (5.6%) had isolated compression of the anterior cord of which five had lesions confined to the vertebral body. Isolated posterior compression is uncommon and was observed in only one patient who had extensive fourcolumn involvement.
A significant proportion of patients presenting with compression of the spinal cord due to metastases has coexisting anterior and posterior structural disease. Involvement of vertebral bodies is more common than posterior structural involvement in cord compression, suggesting a progression of the disease from anterior to posterior. Hence, the presence of posterior vertebral involvement in spinal metastases may predict imminent compression of the cord.
Our study has shown the value of MRI. The evaluation of both bony and soft-tissue involvement before planning surgical decompression is important.
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